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copolymers based on iinsaturated monocarboxylic or 
dicarboxylic acid derivatives and oxyalkylene glycol 
alkenyl ethers, process for producing them and their 
use 

Description 

The present invention relates to copolymers based on 
unsaturated monocarboxylic or dicarboxylic acid 
derivatives and oxyalkylene glycol alkenyl ethers, a 
process for preparing them and the use of these 
copolymers as additives for aqueous suspensions of 
inorganic or organic solids. 

It is knovm that additives in the form of dispersants 
are often added to aqueous slurries of pulverulent 
inorganic or organic substances such as clays, 
porcelain slips, silicate flour, chalk, carbon black, 
ground rock, pigments, talc, polymer powders and 
hydraulic binders for improving their processability , 
i.e. kneadability, spreadability , sprayability , 
pumpability or flow. These additives, which generally 
contain ionic groups, are able to break up agglomerates 
of solids, disperse the particles formed and in this 
way improve the processability of, in particular, 
highly concentrated suspensions. This effect is also 
exploited in a targeted manner in the production of 
building material mixtures based on cement, lime and 
hydraulic binders based on calcium sulfate, optionally 
in a mixture with organic (e.g. bituminous) components 
and also for ceramic compositions, refractory 
compositions and oilfield chemicals. 

TO convert these building material mixtures based on 
the abovementioned binders into a ready-to-use, 
processable form, it is generally necessary to use 
significantly more make-up water than would be 
necessary for the subsequent hydration or curing 
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process. The voids formed in the component as a result 
of later evaporation of the excess water leads to 
significantly impaired mechanical strengths and 
stabilities . 

5 

To reduce this excess water content at a given 
processing consistency and/or to improve the 
processability at a given water/binder ratio, use is 
made of additives which are generally referred to as 

10 water reduction agents or fluidizers. Known agents of 
this type are, in particular, polycondensation products 
based on naphthalenesulf onic or alkylnaphthalene- 
sulfonic acids (cf. EP-A-0 214 412) or melamine- 
formaldehyde resins containing sulfonic acid groups 

15 (cf . DE-C 16 71 017) . 

A disadvantage of these additives is the fact that 
their excellent fluidizing action, especially in 
concrete construction, is maintained over only a short 

2 0 period of time. The deterioration in the processability 
of concrete mixtures ("'slump loss") in a short time can 
lead to problems especially where there is a long 
period of time between make-up and installation of the 
fresh concrete, for example as a result of long 

2 5 conveyance and transport paths. 



An additional problem arises when such fluidizers are 
employed in mining and in interior applications (drying 
of cardboard- faced plasterboard, anhydrite screed 

30 applications, manufacture of finished concrete 
components) , since release of the toxic formaldehyde 
present in the products as a result of the 
manufacturing method can occur and thus lead to 
considerable occupational hygiene problems. For this 

3 5 reason, attempts have already been made to develop 
formaldehyde- free concrete fluidizers based on maleic 
monoesters and styrene, for example as described in 
EP-A-0 305 449. The flow of concrete mixtures can be 
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. • H o^er a sufficiently long period of time by 
::r:f JeTe -altives, .ut t.e original, very .ig. 
: :rersant action is lost very c^iCly after storage o 
L a^eous fluidizer formulation as a result 
hydrolysis of the polymeric ester. 

^ -ir, t-Vi*a case of fluidizers 

This problem does not occur m the case o 

r /on alkylpolyethylene glycol allyl ethers and 
based on alkylpo y ,^ ^p_^_0 373 621. 

n^aleic anhydrxde ^ ,^^3, described 

rr- srfrcertrvr%:— ..i^ in.oduc 

we Irably .i.h proportions of air .nto t.e 

finished state [sicj an^ 
building material. 

.or this reason i. i. necessary .o ada 
as «ibutyl Phosphace, silicone deriva.rves 
water-insoluble alcohols in concantratrons of £ro„ 0^1 
f„ 2» bv weight, based on the solids content, to the 
r^eJus 'sorptions o. these polymeric con-p.Ws 
Tthese anti.ca„ co^onent. - ---—JJ-- 
Stable homogeneous form or 
formulations is very difficult even when 
antifoams are added in the form of emulsxons. 

. • ^^r, solved bv complete or at 
The problem of demxxmg can be solvea oy ^ 

• r,f a foam- inhibiting or 
least partial incorporation of a roam 

. ^i-„.-al unit into the copolymer, as 
air-repellant structural unit 

3 described in DE 195 13 126 Al . 

has been found that the high effectiveness 
"Tthe low l^P loss- of the copolymers described 
Te e tf te^TeaL t: unsatisfactory 2.-bour strengths of 
5 the concrete. Furthermore, such -polv^ers do not h 

optimum properties, especially J^^^^^^I^if,,^ 
dense and therefore high-strength and high- stability 
To^crete is to be produced using the lowest possible 
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proportion of water and steam curing (finished parts 
industry) for accelerating the curing process is to be 
dispensed with. 

It is therefore an object of the invention to provide 
new copolymers which do not have the abovementioned 
disadvantages of the known agents, i.e. which maxnta.n 
the processability of highly concentrated bu.ld.ng 
material mixtures for an appropriate length of time 
even in small amounts and at the same time g.ve an 
increased strength in the cured state of the buildxng 
material due to a drastic decrease in the water/b.nder 
ratio . 

This object is achieved according to the invention by 
copolymers based on radicals of unsaturated mono- 
carboxylic or dicarboxylic acid derivatives and 
oxyalkylene glycol alkenyl ethers, whxch are 
characterized in that they comprise 

a) from 51 to 95 mol% of structural units of the 
formula la and/or lb and/or Ic 

COX I 

CH, — C — CH, 



CH2 — CR'— _CH2 — C— 2 j j' 

o=c C=0 

\ / 
Y 



COX 



la 



CH, 

1 

COX 
lb 



Ic 



where = hydrogen or an aliphatic 

hydrocarbon radical having from 1 
to 20 carbon atoms, 

X = OaM, -0-(CmH2mO)n-R^ -NH-(CmH2mO)n-R'. 

M = hydrogen, a monovalent or divalent 
metal cation, an ammonium ion or an 
organic amine radical. 
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a 



= y2 or 1, 

r2 = hydrogen, an aliphatic hydrocarbon 
radical having from 1 to 20 carbon 
atoms, a cycloaliphatic hydrocarbon 
radical having from 5 to 8 carbon 
atoms , a substituted or 

unsubstituted aryl radical having 
from 6 to 14 carbon atoms. 



Y = O, NR^ 



10 ^ 



2 to 4 and 



15 



'-4 



n = 0 to 200, 

b) from 1 to 48.9 mol% of structural units of the 
general formula II 

— CH2 — CR^ — 

(CH2)p - O - (Q^H3.^0).- R' 



where 

r3 is hydrogen or an aliphatic 
2Q hydrocarbon radical having from 1 

to 5 carbon atoms, 
p is from 0 to 3 
and R^ m and n are as defined above, 

25 c) from 0.1 to 5 mol% of structural units of the 
formula Ilia or Illb 

-2 p2 

^ ! 



_ CH — C"-^ CH — CH — 

CH— C— _u,n — . ; 

T (CH,)z V (CH,), 

ilia 



30 



where 
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S = H, -COOaM, -COOR^, 
T = -U'-(CH-CH2-0).-(CH2-CH20),-R« 



-co- [NH- (CH2) 3] s-W-R'' 

-CO-0- (CH2) z-w-r'' 

- (CH2) z-V- (CH2) z-ch=ch-r^ 

-COOR^ in the case of S = -COOR^ or 



R* = H, CH3, 

R^ = an aliphatic hydrocarbon radical 
having from 3 to 20 carbon atoms, a 
cycloaliphatic hydrocarbon radical 
having from 5 to 8 carbon atoms, an 
aryl radical having from 6 to 14 
carbon atoms , 

R« = R^ -CHj.CH-U^-C = CH 



10 



COOaM 

= -CO-NH-, -0-, -CH2O- 
= -NH-CO-, -0-, -OCH2- 
V = -O-CO-C6H4-CO-O- or -W- 




15 



R* S 



r7 = R2. -l{CHj)3-NHl,-C0-C = CH 



R* S 



25 
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-(CH2),-0-C0-C = CH 

1 I 
S 

r = 2 to 100 
s = 1, 2 
z = 0 to 4 
X = 1 to 150 
y = 0 to 15 

and 

d) from 0 to 47.9 mol [lacuna] of structural units of 
the general formula IVa and/or IVb 

— CH CH 

I ! 

coOaiVt cox 



where a, M, X and Y are as defined above. 

It has surprisingly been found that very small amounts 
of the copolymers of the invention based on unsaturated 
mono carboxy lie or dicarboxylic acid derivatives and 
oxyalkylene glycol alkenyl ethers added to aqueous 
building material suspensions give the suspensions 
excellent processing properties without delaying 
strength development. It was particularly surprising 
that a drastic decrease in the water/binder ratio still 
leads to highly fluid building materials when the 
copolymers of the invention are added and no 
segregation of individual constituents of the building 
material mixture occurs. 

The copolymers of the invention comprise at least 
three, but preferably four, structural units a) , b) , c) 
and d) . The first structural unit a) is a 



— CH 



n 



CH 



O 
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monocarboxylic or dicarboxylic acid derivative having 
the general formula la, lb or Ic. 

— CH, — CR'- 
I 
I 

COX 
ia 

5 

In the case of the monocarboxylic acid derivative la, 
is hydrogen or an aliphatic hydrocarbon radical 
having from 1 to 20 carbon atoms, preferably a methyl 
group. X in the structures la and lb is -OaM and/or 
10 -O- (CmH2iT;0)n-R^ or -NH- (CmH2mO)n-R^ where M, a, m, n and 
are defined as follows: 

M is hydrogen, a monovalent or divalent metal cation, 
ammonium, an organic amine radical, and a = or 1 

15 depending on whether M is a monovalent or divalent 
cation. Organic amine radicals are preferably 
substituted ammonium groups derived from primary, 
secondary or tertiary Ci-20-alkylamines , Ci-20- 
alkanolamines, Cs-s-cycloalkylamines and C8-14- 

20 arylamines. Examples of suitable amines from which 
these radicals are derived are methylamine, 
dimethylamine , trimethylamine , ethanolamine , 

diethanolamine, triethanolamine, methyldiethanolamine, 
cyclohexylamine, dicyclohexylamine, phenylamine, 

2 5 diphenylamine in the protonated (ammonium) form. 

R^ can be hydrogen, an aliphatic hydrocarbon radical 
having from 1 to 20 carbon atoms, a cycloaliphatic 
hydrocarbon radical having from 5 to 8 carbon atoms, an 

3 0 aryl radical having from 6 to 14 carbon atoms which may 

also be substituted, m = 2 to 4 and n f 0 to 200. The 
aliphatic hydrocarbon radicals can be linear or 
branched and saturated or unsaturated- Preferred 



— CH,— 



COX 

i 

c — 

i 

CH, 
I ' 
COX 



_ CH2 — C — CHj 

i i 
o = c c = 0 

\ / 

Y 
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cycloallcyl radicals are cyclopentyl or cyclohexyl 
radicals, preferred aryl radicals are phenyl or 
naphthyl radicals which may also be substituted by 
groups such as -CN, -COOR^ -OR^ and preferably by 

hydroxyl, carboxyl or sulfonic acid groups. 

in place of or in addition to the dicarboxylic acid 
derivative of the formula lb, the structural unit a) 
(.onocarboxylic or dicarboxylic acid ^-^-^^^^^^ 
also be present in cyclic form corresponding to formula 
ic, where Y = O (acid anhydride) or NR' (acid imide) 
with the above-described meanings for R^ 

The second structural unit b) corresponds to formula II 

(CHj)„-0-)C^Hj.,0„-R- 

and is derived from oxyalkylene glycol alkenyl ethers. 

n and R^ are as defined above. R^ is hydrogen or an 
aliphatic hydrocarbon radical having from 1 to 5 carbon 
atoms which may be linear or branched or saturated or 
unsaturated, p can be from 0 to 3 . 

in the formulae la, lb and II, m is preferably 2 and/or 
3 so that the structural units are polyalkylene oxxde 
groups derived from polyethylene oxide and/or 

■ Tr, a further preferred embodiment, 
polypropylene oxide. In a turtner , 

, • A ^v- 1 -i the structural units 
p in formula II is 0 or 1, i-e. tne 

are vinyl and/or alkyl polyalkoxylates . 

The third structural unit c) corresponds to the formula 
Ilia or Illb 
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I 

_CH — C — 

I I 
S T 



r2 

I ! 

CH — CH CH — CH — 



(CH2)z 



V 



nib 



In the formula Ilia, can be H or CH3 depending on 

whether the structural units are acrylic or methacrylic 
5 acid derivatives. S can be -H, -COOaM or -COOR^, where a 
and M are as defined above and R^ is an aliphatic 
hydrocarbon radical having from 3 to 20 carbon atoms, a 
cycloaliphatic hydrocarbon radical having from 5 to 8 
carbon atoms or an aryl radical having from 6 to 14 

10 carbon atoms. The aliphatic hydrocarbon radical can be 
linear or branched, saturated or unsaturated. Preferred 
cycloaliphatic hydrocarbon radicals are cyclopentyl or 
cyclohexyl radicals; preferred aryl radicals are phenyl 
or naphthyl radicals. In the case of T = -COOR^, 

15 S = COOaM or -COOR^ . When both T and S are COOR 
corresponding structural units are derived 
dicarboxylic esters . 



^ the 
from 



Apart from these ester groups, the structural units c) 
2 0 may also comprise other hydrophobic structural 
elements. These include polypropylene oxide or 
polypropylene oxide-polyethylene oxide derivatives of 
the formula 



25 



30 



T = -U'-(CH-CH,-0).-(CH2-CH2-OVR' 
1 

CH3 

x is from 1 to 150 and y is from 0 to 15. The 
polypropylene oxide (polyethylene oxide) derivatives can 
be linked via a group to the ethyl radical of the 
structural unit c) corresponding to the formula Ilia, 
where = -CO-NH-, -O- or -CH2-O. The structural unit 
is thus the amide, vinyl ether or allyl ether 
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corresponding to the structural unit of the formula 
Ilia. may in turn be as defined for (see above) or 
be 

-CH2-CH.U^-C = CH 
R* R* S 

where = -NH-CO-, -O- or -OCH2- , and S is as defined 
above. These compounds are polypropylene oxide (- 
polyethylene oxide) derivatives of the bifunctional 
alkenyl compounds corresponding to the formula Ilia. 

As a further hydrophobic structural element, the 
compounds of the formula Ilia may contain 
polydimethylsiloxane groups, which in the formula Illa 
corresponds to T = -W-R^ - 



W is 



CH3 

i 



— Si — 0 ^Si — 



I 



V CH3 /, CH, 



(hereinafter referred to as a polydimethylsiloxane 
group) , R^ can be as defined for r" and r can be from 2 
to 100. 

The polydimethylsiloxane group can not only be bound 
directly to the ethylene radical of the formula Illa, 
but also via the group 

-CO-[NH-(CH2)3]s-W-R^ or -CO-0(CH2)z-W-R\ 

where r' is preferably as defined for R^ and s = 1 or 2 
and z = 0 to 2. r' may also be a radical of the formula 

-I(CH,)3-NH],-CO-C = CH or -ICH^l.-O-CO-C = CH 

R* S s 
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then bifunctional ethylene compound. 
The compounds are then 

the formula XXla «h.ch are^^ ^^^^^^^ ^^^^ ^^^^ _ 

the ,U copolvmeri.ed. 

5 ethylene group having 

.r^nlies to the compounds of the 
■r^^iar situation applies ^-u-rH-R^ where 

A similar si (CH2) z-V- (CH2) z-CH-CH R , 

formula Ilia m -^^^^ ^ polydimethylsiloxane radical 
. = 0 to 4, V is either a poly ^^^^^^^ 
XO W or a "O-CO-CeH^-CO-O- radic ^^^^^^ ^^^^ 

These compounds are ^«^ers or 

,^,,e. These ^^.^yiaicarboxylic esters 

corresponding ^ ^^^^^^^^..^..e derivatives, 
dialkylenepolydimethyisii 

^ ■ it is also 
„f the present invention, it i 
15 Within the scope o£ the p ethylene groups 

possible for not only one bu^a^s^ 

^'.iLs structural 

copolymerized. ^ 

t-o the formula iiio 
corresponding to cne 



20 




... V ana . are as defined ahove. 



. is derived from an 

25 The fourth derivative and has the 

unsaturated dicarboxylic acid 



formula IVa and/ or IVb 



_-CH 

CH I 



CH 
1 



COOaM COX o 

iVb 



IVa 



30 
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where a, M, X and Y are as defined above. 

According to the invention, the copolymers of the 
invention comprise from 51 to 95 mol% of structural 
5 units of the formula la and/or lb and/or Ic, from 1 to 
48.9 mol% of structural units of the formula II, from 
0.1 to 5 mol% of structural units of the formula Ilia 
and/or Illb and from 0 to 47.9 mol% of structural units 
of the formula IVa and/or IVb. 



Preference is given to copolymers comprising from 55 to 
75 mol% of structural units of the formula la and/or 
lb, from 19.5 to 39.5 mol% of structural units of the 
formula II, from 0.5 to 2 mol% of structural units of 



15 the formula Ilia and/or Illb and from 5 to 20 mol% of 
structural units of the formula IVa and/or IVb. 



In a preferred embodiment, the copolymers of the 
invention further comprise up to 50 mol%, in particular 

20 up to 20 mol%, based on the sum of the structural units 
a to d, of structures which are derived from monomers 
based on vinyl or (meth) acrylic acid derivatives such 
as styrene, oc-methylstyrene, vinyl acetate, vinyl 
propionate, ethylene, propylene, isobutene, 

25 hydroxyalkyl (meth) acrylates , acrylamide, methacryl- 
amide, N-vinylpyrrolidone, allylsulf onic acid, 

methallylsulf onic acid, vinylsulf onic acid, 

vinylphosphonic acid, AMPS, methyl methacrylate, methyl 
acrylate, butyl acrylate, allylhexyl acrylate, etc. 



The number of repeating structural units in the 
copolymers is not subject to any restrictions. However, 
copolymers having mean molecular weights of from 1000 
to 100,000 g/mol have been found to be particularly 
3 5 advantageous . 



10 



30 



The copolymers of the invention can be prepared in 
various ways. The important thing is that from 51 to 
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95 mol% of an unsaturated monocarboxylic or 
dicarboxylic acid derivative, from 1 to 48.9 mol% of an 
oxyalkylene alkenyl ether, from 0.1 to 5 mol% of a 
vinylic polyalkylene glycol, polysiloxane or ester 
compound and from 0 to 55 mol% of a dicarboxylic acid 
derivative are polymerized by means of a free-radical 
initiator . 

As unsaturated monocarboxylic or dicarboxylic acid 
derivatives which form the structural units of the 
formula la, lb or Ic, preference is given to using: 
acrylic acid, methacrylic acid, itaconic acid, itaconic 
anhydride, itaconimide and the monoamide of itaconic 
acid . 

In place of acrylic acid, methacrylic acid, itaconic 
acid and the monoamide of itaconic acid, it is also 
possible to use monovalent or divalent metal salts, 
preferably sodiiim, potassium, calciiom or ammoniiim 
salts . 

If the acrylic, methacrylic or itaconic acid derivative 
is an ester, preference is given to using derivatives 
whose alcoholic component is a polyalkylene glycol of 
the general formula HO- (Cn,H2mO) n-Ra. where = H, an 
aliphatic hydrocarbon radical having from 1 to 20 
carbon atoms, a cycloaliphatic hydrocarbon radical 
having from 5 to 8 carbon atoms, a substituted or 
unsubstituted aryl radical having from 6 to 14 carbon 
atoms and m = 2 to 4 and n = 0 to 200. 

Preferred substituents on the aryl radical are -OH- , 
-COO® or -SO3® groups. 

The unsaturated monocarboxylic acid derivatives can be 
■present only as monoesters, while in the case of the 
dicarboxylic acid itaconic acid, diester derivatives 
are also possible. 
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The derivatives of the formulae la, lb and Ic can also 
be present as mixtures of esterified and free acids and 
are preferably used in an amount of from 55 to 75 mol% . 

The second component used according to the invention 
for preparing the copolymers of the invention is an 
oxyalyklene glycol alkenyl ether which is preferably 
used in an amount of from 19.5 to 39.5 mol% . Preferred 
oxyalkylene glycol alkenyl ethers correspond to the 
formula V 

CH2 = CR^-(CH2)p-0-(CmH2mO)n-R^ 

where = H or an aliphatic hydrocarbon radical having 
from 1 to 5 carbon atoms and p = 0 to 3 . r' , m and n 
are as defined above. The use of polyethylene glycol 
monovinyl ethers (p = 0 and m = 2) has been found to be 
particularly advantageous, with n preferably being from 
1 to 50. 

AS third component used according to the invention for 
introducing the structural unit c) , preference is given 
to using from 0 . 5 to 2 mol% of a vinylic polyalkylene 
glycol, polysiloxane or ester compound. Preferred 
vinylic polyalkylene glycol compounds are derivatives 
having the formula VI, 



CH = C-R' VI 
S U'-(CH-CHj-0).-(CH,-CH,-0),-R« 



CH3 

0 



where S is -H or COOaM and is -CO-NH- , -O- or -CH2O-, 
i.e. the vinylic polyalkylene glycol compounds are the 
acid amide, vinyl or allyl ethers of the corresponding 
polypropylene glycol or polypropylene glycol- 
5 polyethylene glycol derivatives, x can be from 1 to 150 
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and y can be from 0 to 15 . can either be as defined 
for or be 

-CH2-CH-U^-C = CH 

I I ! 

S 

where = -NH-CO- , -O- or -OCH2- and S = -COOaM and 
preferably -H. 



In the case of R 
compounds are the 
glycol ) monoamides 



^ = R^ and R^ preferably being H, the 



polypropylene glycol ( -polyethylene 
or ethers of the corresponding 



4 _ 



acrylic (S = H, R" = 



H) , methacrylic (S = H, R** = CH3) 



4 _ 

derivatives . 



or maleic (S = COOaM - r'^ = H) acid 
Examples of such monomers are the N- (methyl- 
polypropylene glycol) monoamide of maleic acid, the 
N- (methoxy-polypropylene glycol-polyethylene glycol) - 
monoamide of maleic acid, polypropylene glycol vinyl 
ether and polypropylene glycol allyl ether. 

In the case of R^ ^ R^, the compounds are bifunctional 
vinyl compounds whose polypropylene glycoK -poly- 
ethylene glycol) derivatives are joined to one another 
via amide or ether groups (-0- or -OCH2-). Examples of 
such compounds are polypropylene glycol bismaleamide, 
polypropylene glycol diacrylamide , polypropylene glycol 
dimethacrylamide , polypropylene glycol divinyl ether , 
polypropylene glycol diallyl ether. 

As vinylic polysiloxane compound, preference is given 
to derivatives corresponding to the formula VII/ 



CH5 = C 



VII 
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where r'' = -H or CH3 



W=-fSi — O— Si — 



VcHj J, CH3 

and r = 2 to 100 and = Examples of such monomers 

are monovinylpolydimethylsiloxane . 

Further vinylic polysiloxane compounds which can be 
used are derivatives of the formula VIII, 

1 vni 

CH2 = c 

CO - [NH - (CH2)3]s — W - R' 

where s = 1 or 2 , and W are as defined above and R^ 
can either be as defined for R^ or be 



-((CH,)3-NH],-C0-C = CH 

1 i 
S 

and S is as defined above and is preferably hydrogen or 

-COOR^ . 

Examples of such monomers having a vinyl function 
(R^ = r2) are polydimethylsiloxanepropylmaleamide or 
polydimethylsiloxanedipropyleneaminomaleamide . In the 
case of R^ ^ R^ the compounds are divinyl compounds 
>5 such as polydimethylsiloxanebis(propylmaleamide) or 
polydimethylsiloxanebis (dipropyleneaminomaleamxde) . 
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As further vinylic polysiloxane compound, preference is 
given to using a derivative corresponding to the 
formula IX: 

R' 

I .X 
CH2 = C 

Co_0 — (CH,), — W-R' 

where z is from 0 to 4 and and W are as defined 

above. R*^ can either be as defined for R^ or be 

-(CH2),-O.CO-C = CH 

! I 

S 



where S is as defined above and is preferably hydrogen. 
Examples of such monovinylic compounds (R^ = R^) are 
polydimethylsiloxane (l-propyl 3-acrylate) or 

polydimethylsiloxane (1-propyl 3-methacrylate) . 

In the case of ^ , the compounds are divinyl 

compounds such as polydimethylsiloxanebis ( 1-propyl 
3-acrylate) or polydimethylsiloxanebis (1-propyl 

3-methacrylate) . 

Vinylic ester compounds used for the purposes of the 
present invention are preferably derivatives of the 
formula X, 

CH = CH 

II. ^ 

S COOR" 

where S = COOaM or -COOR^ and R^ is an aliphatic 
hydrocarbon radical having from 3 to 20 carbon atoms, a 
cycloaliphatic hydrocarbon radical having from 5 to 8 
carbon atoms or an aryl radical having from 6 to 14 
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carbon atoms, a and M are as defined above. Examples of 
such ester compounds are di-n-butyl maleate or fumarate 
or mono-n-butyl maleate or fumarate. 

Furthermore, it is also possible to use compounds of 
the formula XI 



CH = CH CH = CH 



XI 



where z is from 0 to 4 and is as defined above. V 
can also be as defined for W (i.e. a polydimethyl- 
siloxane group) , which corresponds to a dialkenyl- 
polydimethylsiloxane compound such as divinylpoly- 
dimethylsiloxane. Alternatively, V can also be 
-O-CO-C5H4-CO-O- . These compounds are dialkenyl phthalic 
acid derivatives. A typical example of such a phthalic 
acid derivative is diallyl phthalate. 

The molecular weights of the compounds which form the 
structural unit c) can be varied within wide limits and 
are preferably in the range from 150 to 10,000. 

As fourth component for preparing the copolymers of the 
invention, preference is given to using from 5 to 
20 mol% of an unsaturated dicarboxylic acid derivative 
of the formula XIII: 

MaOOC-CH=CH-COX XII 
where a, M and X are as defined above. 

When X = OM^, the unsaturated dicarboxylic acid 

derivative is derived from maleic acid, fumaric acid, 

monovalent or divalent metal salts of these 
dicarboxylic acids, e.g. the sodium, potassixim, calcium 

or ammonium salt or salts with an organic amine 
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radical . Monomers which form the unit la can further 
comprise polyalkylene glycol monoesters of the 
abovementioned acids having the general formula XIII: 

MaOOC-CH=CH-COO- (CmHsmO ) n-R^ 
where a, m, n and are as defined above. 

The fourth component can be derived from unsaturated 
dicarboxylic anhydrides and imides of the general 
formula XIV (5 to 2 0 mol%) 



CH = CH 

/ \ 
O = C C = O XIV 



Y 



where Y is as defined above. 

In a preferred embodiment of the invention, further 
monomers as described above can be used in amounts of 
up to 50 mol%, preferably up to 2 0 mol%, based on the 
sum of the structural units a) to d) . 

The copolymers of the invention can be prepared by the 
customary copolymerization methods . A particular 
advantage is that, according to the invention, the 
copolymerization can be carried out without solvents or 
else in aqueous solution. In both cases, the reactions 
are carried out under atmospheric pressure and 
therefore do not pose a safety problem. 

If the process is carried out in aqueous solution, the 
polymerization is carried out at from 20 to 100*^C with 
the aid of a customary free-radical initiator, with the 
concentration of the aqueous solution preferably being 
set to from 3 0 to 50% by weight . In a preferred 
embodiment, the free-radical polymerization is carried 
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out in the acid pH range, in particular at a pH of from 
4.0 to 6,5, with conventional initiators such as H2O2 
being able to be used without there being a risk of 
ether cleavage, as a result of which the yields would 
5 be greatly reduced. 

In the process of the invention, preference is given to 
placing the unsaturated dicarboxylic acid derivative 
which forms the structural unit d) in partially 

10 neutralized form in aqueous solution, preferably 
together with the polymerization initiator, in a 
reaction vessel and introducing the remaining monomers 
as soon as the initial charge has reached the required 
reaction temperature. Polymerization aids which reduce 

15 the activation threshold of the preferably peroxidic 
initiator can be added separately, so that the 
copolymerization can occur at relatively low 
temperatures. In a further, preferred embodiment, the 
unsaturated dicarboxylic acid derivative and also the 

20 free-radical initiator are metered into the initial 
charge in the reactor in separate streams or in a 
common stream. This provides an ideal solution to the 
problem of heat removal . 

25 However, it is also possible to place the 
polyoxyalkylene glycol alkenyl ethers which form the 
structural unit b) in the reaction vessel and to 
introduce the monocarboxylic or dicarboxylic acid 
derivative (structural unit a) ) in such a way that a 

3 0 uniform distribution of the monomer units over the 
polymer chain is achieved. 

The type of polymerization initiators, polymerization 
activators and other auxiliaries, e.g. molecular weight 
35 regulators, used is not critical. Initiators which can 
be used are the customary free-radical formers such as 
hydrogen peroxide, sodium, potassium or ammonium 
peroxodisulf ate, tert-butyl hydroperoxide, dibenzoyl 





10 
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peroxide, sodium peroxide, 2 , 2 ' -azobis (2- 

amidinopropane) dihydrochloride, azobisisobutyro- 

nitrile, etc. If redox systems are used, it is, for 
example, possible to combine the above-mentioned 
initiators with activators having a reducing action. 
Examples of such reducing agents are Fe(II) salts, 
sodium hydroxymethanesulf inate dihydrate, alkali metal 
sulfites and metabisulf i tes , sodium hypophosphite, 
hydroxylamine hydrochloride, thiourea, etc. 



A particular advantage of the copolymers of the 
invention is that they can also be prepared without 
solvents, which can be achieved with the aid of 
customary free-radical initiators at temperatures of 

15 from 60 to 150^C. This variant is particularly 
advantageous for economic reasons when the copolymers 
of the invention are to be used directly in water-free 
form, because costly removal of the solvent, in 
particular water (for example by spray drying), then 

2 0 becomes unnecessary. 

The copolymers of the invention are very useful as 
additives for aqueous suspensions of inorganic and 
organic solids, in particular those based on mineral or 

25 bituminous binders such as cement, plaster of Paris, 
lime, anhydrite or other building materials based on 
calcium sulfate, or based on pulverulent dispersion 
binders which are advantageously used in an amount of 
from 0.01 to 10% by weight, in particular from 0.05 to 

30 5% by weight, based on the weight of the mineral 
binder. However, the copolymers of the invention can 
also be used very successfully in the fields of ceramic 
compositions, refractory compositions and oilfield 
chemicals . 

35 



The following examples illustrate the invention. 



wo 00/77058 



- 23 - 



PCT/EPOO/02251 



Examples 
Example 1 

3300 g (3.00 moll o£ methylpolyethylene glycol 1100 
nvl ether (mean molecular weight: 1100 g/mol) 
monovinyl ether ' m a 10 1 double-walled 

""%rtrel\r ileVwith thermometer, stirrer^ 
reaction vessel p separate feed 

condenser ^lets^^^ ^^^^^ ^^^^^^ ^ 

Ttro^ly allalfnel^eoL solution o« the vinyl ether^ 
strongxy cp pn a (0.60 mol) or 

WHlle stirring and cool.ng, ^ ' 

— -^r^^^TtoT strength solution, and. 
,=orrespond.ng to a 30 ^^^^^^^^ ^^^^^^ ^^^^^ 

separately. 10.86 g o being kept 

hydroxide were added, witn 

below 30°C. 

,3 00 a (0 0165 mol) of a reaction product o£ a 

K ; o! inrtiated bifunctional NH.-tenninated ethylene 

butanol-mitiacea j^-l 

oxide-propylene oxide block poller (EO 4 J 
molecular weight: 1300 g) ^d 
subse^ently added With br.e. ,,,, 

, :::T..Tor:rr' strength abacus 

„are added in succession. « - "-^-""-^^ f/,",', 
2B1 00 g (3.90 mol) of acrylic acid dissolved rn 843 g 
o!p water .25. strength solution) compr.sxng an 

iLitional 17.90 g of ----'-"f 7:=,, " charge 
0 regulator were subse.^ently ? « strength 

^ "of^:;^ ";:ro:.ethanesul.inate 

aqueous solution ui. , = r>eriod of 

dihydrate were metered in separately over a perro^ 
97 minutes, with the temperature r.srng to a maximum 



55 35.8°C. 



^ftar the addition was complete, the mixture was 
stirred for another 15 minutes at 30«C and brought to a 



wo 00/77058 



- 24 - 



PCT/EPOO/02251 



pH of 6.50 by addition of 801.70 g of 20% strength 
aqueous sodium hydroxide. The yellowish, turbid aqueous 
composition contained 41.6% by weight of solids. The 
weight average molecular weight of the copolymer was 
35,350 g/mol; yield: 9220 g. 



Example 2 

The procedure of Example 1 was repeated, but a vinyl 
ether having a mean molecular weight of 2 0 00 g/mol was 
used in place of the vinyl ether (MW = 1100) used in 
Example 1. 

The following amounts of the structure-forming 
components were used: 

205.60 g (2.853 mol) of acrylic acid 

3156.80 g (1.5784 mol) of methylpolyethylene glycol 

2 000 monovinyl ether 

47.35 g (0.025 mol) of poly ( PO-block-EO) maleamide 

(MW: 1900 g/mol) 

92.80 g (0.946 mol) of maleic anhydride 

8705.2 g of a turbid, yellowish product having a solids 
content of 42.0% by weight were obtained. The weight 
average molecular weight was 32,150 g/mol. 

Example 3 

Example 1 was repeated, but 218.40 g (1.95 mol) of 
itaconic anhydride as a 25% strength aqueous solution 
were used as feed stream 1 in place of the acrylic acid 
used in Example 1. The aqueous copolymer obtained after 
neutralization with aqueous sodium hydroxide (25%) had 
a weight average molecular weight of 25,400 g/mol 
(solids content: 43.0% by weight). 
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Example 4 

The procedure of Example 1 was repeated, with the 
following changes being made: 

in addition to the initially charged 

58 80 g (0.60 mol) of maleic anhydride 

3300.00 g (3.00 mol) of methylpolyethylene glycol 

1100 monovinyl ether 
33.00 g (0.0165 mol) of poly (EO-block-PO) maleamide. 

an addition of 

175.00 g (0.50 mol) of a methylpolyethylene glycol 

methacrylate (MW = 350 g/mol) 

was made to the initial charge. 



The proportion of acrylic acid in feed stream 1 
remained unchanged (3.90 mol). As in Example 1. a 
yellowish, turbid storage-stable aqueous suspension 
having a solids content of 42.7% by weight 
(M = 39,900 g/mol, yield: 9402 g) . 

Example 5 

A copolymer of 

1 37 mol of methacrylic acid (feed stream) 

0*68 mol of ethylene glycol monovinyl ether 

(initial charge) 
0.005 mol of poly(E04-block-P027)maleic monoamide 

(initial charge) 
0.55 mol of methylpolyethylene glycol 1100 

monomaleate (initial charge) 
0.10 mol of maleic anhydride (feed stream) 



was 



prepared as described in Example 1, but with a 2 5% 
strength aqueous solution of methacrylic acid being 
added instead of acrylic acid. Furthermore, an 
additional feed stream consisting of a 25% strength 
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s 



olution of maleic anhydride in water was used. In 
addition, methylpolyethylene glycol 1100 monomaleate 
was used in the initial charge. 

The white aqueous turbid end product obtained had a 
polymer content of 43.7% by weight at a mean molecular 
weight of 36,500 g/mol. 

Example 6 

Example 1 was repeated, but 78.00 g (0.75 mol) of 
styrene were additionally dispersed in the initial 
charge. The odorless end product had a light yellow 
color (solids content: 42.0% by weight; 

MW = 37,000 g/mol). 

Example 7 

Example 1 was repeated, but using a pure polypropylene 
glycol bismaleamide (MW = 2000) in an amount of 30.00 g 
(0.150 mol) being used in place of the reaction product 
of poly (EO-block-PO) amine with maleic anhydride. 

Solids content of the end product: 41.3% by weight 
Weight average molecular weight: 36,400 g/mol 



Examples 8 to 10 

In Examples 8, 9 and 10, the following components to 
combat introduction of air were used (otherwise as in 
Example 1) : 

Example 8: 0.010 mol of polydimethylsiloxane bis- 

(1-propyl 3-methacrylate) (MW = 
1100) 

Example 9: 0.350 mol of di-n-butyl maleate 
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Example 10: 0.0075 mol of polydimethylsiloxane bis- 

( di pr opy 1 eneaminoma 1 eami de ) 
(MW 5400) 

In the Use Examples 1 and 2 described below, copolymers 
from Examples 1 to 10 according to the invention were 
compared with the known concrete additives of 
Comparative Examples 1 to 3 . 

Example 11 

The following were placed in a 500 ml double-walled 
reaction vessel: 

24.2 g of methylpolyethylene glycol 1100 monovinyl 
ether (0.022 mol), made inert with N2 and heated to 
85^C. 

The following were added as three separate feed streams 
over a period of 120 minutes: 

1. 25.48 g (0.26 mol) of maleic anhydride dissolved 
in 217.8 g (0.198 mol) of methylpolyethylene 
glycol 1100 monovinyl ether plus 2.68 g (0.01 mol) 
of dibutyl maleate (temperature of the feed 
stream: 50°C) 

2. 36.72 g (0.51 mol) of acrylic acid 

3. 6.14 g of azobisisobutyronitrile in 50 ml of 
acetone 

After the addition was complete, 
allowed to react further for 
simultaneously removing the acetone. 

The product (brown) was diluted with an equal amount 
(about 307 g) of water and neutralized to pH 7.0 using 
20% strength aqueous sodium hydroxide. 



the mixture was 
2 hours while 
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• Solids content of the end product: 38.0% by weight 

• Molecular weight (weight average): 30,200 g/mol 

• Appearance: turbid, brown 

5 Comparative Example 1 

Commercial concrete fluidizer "Melment L 10" based on a 
sulfonated melamine- formaldehyde polycondensate . 

10 Comparative Example 2 

Maleic monoester-styrene copolymer having the trade 
name POZZOLITH 330 N. 

15 C ompar a t i ve Examp 1 e 3 

Example 1 of DE 19 5 13 12 6 Al was replicated and the 
product obtained was employed as a comparison. 

20 The aqueous copolymer compositions of the invention and 
the compositions from the three comparative examples 
were compared as fluidizers in tests carried out on 
cement-containing suspensions . 

25 These tests demonstrated the excellent processing 
properties (slump loss method) of the group of aqueous 
products according to the invention in a transport 
concrete formulation, while their tendency to achieve 
very high early strengths as a result of an extremely 

3 0 high reduction in the water: cement ratio is 
demonstrated in a formulation for producing finished 
concrete parts. 



35 



Use Example 1 (Transport concrete production) 

In accordance with the appropriate standard, 4.5 kg of 
Portland cement (CEM I 42.5 R Kief ersf elden) were mixed 
with 33.0 kg of aggregates (particle size from 0 to 





wo 00/77058 



- 29 - 



PCT/EPOO/ 02251 



10 



15 



32 mm) and 2.7 kg of water (including the water from 
the additive) in a cement mixer. 

The aqueous solutions of the products according to the 
invention or the comparative products were added and 
the slump was determined in accordance with DIN 1048 
(duplicate determination) after 10 and 40 minutes after 
addition of the additive. 

Subsequent to the measurements of the slump after 
10 minutes, test specimens having an edge length of 
15 X 15 X 15 cm were produced and the compressive 
strength after 24 hours and the proportion of air pores 
(from the bulk density of the cured test specimens) 
were determined. 



20 



The results are shown in Table 1: 

Table 1: Transport concrete test results 



Additive 


Solids 


Amount^* 


Slump 


in cm 


Air 


24 h 








after 




comp . 














strength 




[% w/w] 


[% w/w] 


10 min. 


40 min. 


[% w/w] 


[MPa] 


Ex. 1 


41.6 


0.20 


67.00 


58.50 


2.1 


14 .4 


Ex. 2 


42 . 0 


0.25 


65.50 ■ 


59.00 


2.4 


14 .8 


Ex. 3 


43 .0 


0.20 


63 .25 


56.50 


1.9 


15.0 


Ex. 4 


42 .7 


0.20 


62 .75 


57 .00 


2.3 


14.0 


Ex. 5 


43 .7 


0.20 


65.00 


56.00 


2.6 


14.2 


Ex. 6 


42 .0 


0.20 


62.75 


55.75 


2.9 


15.3 


Ex. 7 


41.3 


0.20 


67.25 


57.00 


1.7 


14.9 


Ex. 8 


41.5 


0.20 


65.75 


56.25 


1.4 


15.1 


Ex. 9 


42 .3 


0.20 


67.75 


60.00 


3.0 


14.0 


Ex. 10 


42.0 


0.20 


66.50 


59.00 


1.3 


15.2 


Comp . Ex . 1 


45.3 


0.58 


57 .25 


41.00 


1.6 


15.0 


Comp . Ex . 2 


34 .9 


0.25 


53.75 


44.75 


2.5 


13 .7 


Comp . Ex . 3 


37 .0 


0.25 


58.50 


48.50 


1.9 


11.3 
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1) Polymer solids based on the weight of cement 
280 kg of CEM I/m^ of concrete 

Use Example 2 (Formulation for finished concrete parts) 

The tests were carried out as described in Use 
Example 1, but using 5.7 5 kg of cement, 2.3 kg of water 
(including water from the additive) and 33.0 kg of 
aggregate having a slightly altered particle size 
distribution. 

The results are shown in Table 2 : 



Table 2: Test results for selected products in concrete 
for finished parts 



Additive 


Solids 


Amount^' 


Slump 


in cm 


Air 


24 h 








after 




comp . 














strength 




[% w/w] 


[% w/w] 


10 min. 


40 min. 


[% w/w] 


[MPa] 


Ex. 1 


41 . 6 


0.30 


56.50 


53 .25 


1.8 


39.6 


Ex. 2 


42 . 0 


0.24 


60.75 


56.50 


1.4 


40 .4 


Ex. 3 


43 .0 


0.30 


59.25 


55.00 


1.9 


38 .9 


Ex. 6 


42 .3 


0.30 


56.75 


54.75 


2.4 


40.1 


Ex. 7 


41.3 


0.30 


60.00 


54.25 


1.3 


39 .9 


Comp . Ex . 1 


45.3 


0.92 


37.50 




1.4 


38 .7 


Comp . Ex . 2 


34.9 


0.30 


48.50 


40.00 


1.9 


34 .6 


Comp . Ex . 3 


37 . 0 


0.30 


49.75 


43 .25 


1.7 


19.4 



1) Polymer solids based on the weight of cement 
3 50 kg of CEM I/m^ of concrete 



